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© Mains Insertion. 

The present invention relates to the replacement of an 
existing main, particularly an existing cast iron gas main, 
with a new main utilising a device in the form of a mole. The 
mole 1. which is of steel, is adapted to be inserted into and 
moved along the existing main 8. The mole 1 has a front 
portion comprising a head 2 and a cylindrical body portion 3 
and a rear portion having clamping means 4 for clamping a 
new main 13. The head 2 has a cutting face 5 for engaging 
the internal wall of the existing main 8 so as to cause the wall 
to fracture as the mole 1 moves therealong. The new main 13 
which in use is clamped to the mole 1 is towed along behind 
the mole 1 to replace the fractured old main 8. In one 
embodiment of the invention (Figure 1) the cutting face 5 
comprises three or more cutting edges 6 formed by grinding 
on high tensile steel cutters 7 which are located In keyways in 
the head 2. In another embodiment of the invention (Figure 
4) the cutting face 25 may comprise three or more pivotally 
mounted cutting blades 26 which are pivotally mounted at 
their forward ends 27 to the wall of the head 23. The blades 
26 are caused to pivot radially outwardly from their closed 
position to engage the pipe wall 45 and fracture it as the 
mole moves along the pipe towing the new main 43 
therewith. 

In still another embodiment of the invention (Figure 10) 
only one 58 of the blades is pivotally mounted at its forward 
end 59 to the mole 51, the other blades 56, 57 being fixed. In 



this embodiment, the mole 51 is driven through the existing 
main 94 by means of a pneumatically actuated hammer 80 
(Figure 8) engaging percussively with an internal wall of the 
mole formed by an internal bore 82. The pivotal blade 58 
pivots under the action of an associated piston 64 which is 
hydraulically actuated by fluid supplied from a hose 103 by 
way of a channel 70. The blade 58 is normally closed but is 
pivotted to fracture any circumferential*/ located obstruction 
located in the main 94 and serving to inhibit the movement 
of ihe mole 51 therethrough. 
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Tbe present invention relates to the replacement or 
tbe preparation for replacement of an existing maio, 
particularly an existing cast iron gas maio, with a new main 
and is particularly concerned vitfa a method and a device for 
enabling this replacement to be carried out. 

Mains have to be replaced for a number of reasons, for 
instance* tbe existing main may be in poor condition or tbe 
existing main may not be of sufficient capacity to 
ac commod a te * a modified load* 

Tbe usual means of replacing a gas main involves tbe 
use of costly and labour intensive total excavation of tbe 
surrounding ground. Alternatively, if total excavation 16 
avoided and tbe new main is merely inserted into tbe 
existing main, it will, by necessity, be ot smaller internal 
diameter tnan tbe existing main and tbus will be of smaller 
gas carrying capacity- 
It i 8 an object of tbe present invention to enable an 
existing main to be replaced or prepared for replacement by 
a nevs main witbout any of tbe above disadvantages. 

According to one aspect of tbe present invention, 
there is provided a method for replacing or preparing for 
replacement an existing main with a new main, tbe method 
comprising fracturing tbe existing maio and maintaining 
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sufficient clearance through the fractured main for movement 
therethrough of a new main or a liner for the fractured 
main, the liner to serve as a protective sleeve for the new 
main when the nev main is subsequently moved into the liner. 

Embodiments of the invention will now be described 
with reference to the accompanying drawings in whicb:- 

Figure 1 is a side view of a fir6t embodiment of the mole 
sbovo in use, 

Figure 2 is an end view of the mole cutting face shown in 
Figure 1 and having four cutting edges, 

Figure 3 is an end view ot the mole cutting face shown in' 
Figure 1 and having three cutting edges, 

Figure 4 is a side view partly in section ot a second 
embodiment of^tbe mole shown at the commencement of 
operation, 

Figure 5 is a view of the mole shown in Figure 4 during 
# operation, 



Figure 6 is an end view of the mole cutting face shown in 
Figures 4 and 5 and having three cutters shown in bidden 
detail and 
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Figure 7 is an end view of tbe mole cutting face shown io 
Figures 4 and 5 having four cutters shown io hidden detail. 

Figure 8 is a side view of a third embodiment of tbe mole 
shown in use and broken away io part to reveal internal 
detail , 

Figure 9 is a view along tbe lines IX-IX of Figure 8 and 

Figure 10 is a close up view of tbe front of tbe mole partly 
in section* 

Referring to tbe Figures 1 to 3, Figure 1 shows a 
steel mole 1 having a front portion consisting of a bead 
portion 2 and a cylindrical body portion 3 and a rear 
portion having clamping means 4 for clamping a new main. 

The head portion 2 has a cutting face 5 comprising 
three or more cutting" edges 6' formed by grinding high 
tensile steel cutters 7 (four cutters are shown in Figures 1 
and 2). Tbe cutters 7 are boused in keyways (not shown) io 
< tbe bead portion 2» which is in the form ot a cylinder 
tapering towards tbe front end of the mole, tbe cutters 7 
being attached to tbe head portion 2 by means of bolts (not 
shown) so that tbe cutters 7 are removable from tbe bead 
portion 2, Tbe cutting face 5 tapers radially inwardly in 
tbe direction of tbe forward end of tbe mole 1, that is, tbe 
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radii of the cutting edges 6 decrease towards tbe forward 
end of tbe mole 1 so as to enable tbe cutting face 5 to 
exert a continuously increasing cutting action on tbe 
existing maio 8 as tbe mole 1 moves t ber e t b r ou gb. 

Tbe cutting face 5 terminates at rearward points 9 on 
tbe bead portion 2, wbicb points 9 are concentrically 
aligned witb tbe periphery of tbe body portion 3 and tbe 
keyways are arranged on tbe bead portion 2 sd tbat tbe 
cutters 7 pod tbeir cutting edges 6 in position on tbe mole 
1 lie in an axial plane of tbe mole 1. 

Tbe front end of tbe bead portion 2ie provided witb a 
bousing 10 cast into the bead portion 2 and provided witb an 
eye 11 to enable tbe mole 1 to be connected to a steel winch 
cable (not shown). 

* 

Tbe rear portion of tbe mole 1 is provided witb a 
clamping means 4 in the form of a sleeve 12 secured to. tbe 
body portion 3 and being of slightly smaller external 
diameter than that of tbe body portion 3. Tbe sleeve 12, in 
use, receives tbe end of tbe new main 13 wbicb is or a 
flexible material such as plastics* The end of tb new main 
13 is first surrounded by a protective plasties sleeve 14 
and tbe main 13 and sleeve 14 are pushed into tbe clamping 
sleeve 12. This .is arranged to have an internal diameter 
approximately equal to tbe external diameter of tbe new main 
13 so tbat this fits securely witbin and is tightly gripped 
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and clamped by tbe clamping sleeve 12, 

The cutters 7 are arraoged to be spaced equi aogularl y 
around tbe axis of tbe cutting face 5 as shown in Figures 2 
and 3 and tbe taper of tbe cutting face 5 prevents tbe mole 
1 from twisting and turning on its horizontal axis thereby 
preventing undue strain on tbe new main and associated 
pneumatic feedlines (not 6bown)» 

In use, tbe ground at either end of tbe existing cast 
iron main 8 is excavated to expose those ends. Tbe steel 
cable of a motorised winch is fed through tbe main 8 from 
one end and is secured to tbe shackle bousing 10 via tbe eye 
11. Tbe new plastic main 13 and its sbeatb 14 are then 
clamped to tbe clamping sleeve 12* Tbe new plastics main 13 
can be of tbe same or slightly larger internal diameter than 
tbe existing cast iron main 8. Tbe bead portion 2 of tbe 
mole 1 is then inserted into tbe existing ca6t iron main 8 
until tbe cutting edges. 6 engage tbe end of tbe main 8 as 
shown in Figure 1* 



Tbe cable is tben wound onto tbe wincb so as to pull 
tbe mole 1 through tbe existing main 8. At tbe same time 
tbe rear portion 12 is acted upon by a pneumatic hammer (not 
shown) to drive the mole 1 into tbe main 8. Tbe combined 
tension and pneumatic pressure cause tbe mole 1 to move 
along tbe main 8 so that tbe cutting edges 7 engage tbe 
internal wall of tbe main 8 and cause tbe wall to fracture 
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due to their intense localised pressure on the wall as tbe 
mole 1 moves t b e r e t b r ou gb . Tbe cylindrical body 3 wideoe 
out tbe internal diameter of tbe fractured main 8 sioce, in 
use, tbe body 3 ia selected to bave a diameter greater tbao 
tbat of the original internal diameter of tbe main 8. Tbe 
body 3 also prevents debris from tbe fractured main and 
earth from falling into tbe pathway created for tbe new 
main. As tbe mole 1 proceeds along tbe new fractured main 8 
it tows tbe new main 13 and its associated sbeatb 14 with 
it, tbe internal diameter of tbe new main 13 being equal to 
or slightly larger than tbat of tbe existing main 8. When 
tbe new main 13 i6 finally in position, tbe new main 13 and 
its sbeatb 14 are removed from tbe clamping sleeve 12. 

./ 

Lb a general rule tbe outer diameter of tbe body 
portion 3 of tbe mole 1 is arranged to be about 1/8" greater 
tbao tbe outer diameter of tbe existing main aod tbe outer 
diameter of tbe clamping sleeve 12 is^about 1/8" leas in 
diameter than tbat of tie cylindrical body portion 3 of tbe 
mole 1 • 

Referring to Figures 4 to 7, Figure 4 shows a steel 
mole 21 having a front portion consisting of a head portion 
22 aod a body portion 23 and a rear portion having a 
clamping means 24 for clamping a new main. 

Tbe bead portion 22 has a cutting face 25 comprising 
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tbree or ©ore pivotelly mounted cutting blades 26 (four are 
present od the mole shown io Figures 4 and 5). Tbe blades 
26 are disposed io elongated axially directed slots (not 
shown) in tbe wall of tbe bead portion 23 and are pivotally 
mounted at tbeir forward ends 27 to tbe wall of tbe bead 
portion 23* 

Referring to Figures 6 and 7 tbe blades 26 are 
arranged to be spaced eq u i a n gu 1 a r 1 y around tbe axis of tbe 
cutting face. Eacb blade 26 bas a cutting edge 28 formed by 
two sloping sides 29, two parallel sides 30 adjoining tbe 
sloping sides 29 and a concave 6ide 31 distal from tbe 
cutting edge 28 between tbe parallel sides 30. 

Referring to Figures 4 and 5 the concave side 31 
slopes away from tbe cutting edge 28 in a direction 
forwardly of tbe mole 1. 

Tbe body portion 23 bas a cylindrical rear portion 32, 
a f rus toconical portion 33 tapering forwardly of tbe mole 
and a cylindrical front portion 34 adjoining tbe slot 
forming walls (not shown) of tbe bead portion 23. 

Tbe body portion 23 is provided with a circular 
centrally located tbrougb-going bore 35 (see Figure 5) which 
merges with a passageway 36 formed by tbe concave sides 31 
of tbe blades 26 and tbe internal concave shaped walls (not 
shown) of the bead portion 6lot forming wallB. Tbe 



0094694 



passageway 36 merges with a circular centrally located 
t b r o u gb- go i n g bore 37 located Dear the forward end of the 
bead portioo 23 beyond tbe pivotted ends 27 of the blades 
26. The bore 27 is provided with a conical termination 38. 

Tbe bore 35 and passageway 36 house an hy d r au I i c a 1 1 y 
operated cylindrical ram 39 which ie capable of movement 
within the bore 35 and passageway 36. The front ot tbe ram 
39 is engaged at all times with tbe concave sides 31 of the 
blades 26. When tbe blades 26 are in tbe closed position 
shown in Figure 4 tbe cutting edges 28 are axially aligned 
with tbe front portion 34 of tbe body portion 23. Tbe 
concave Bides 31 of tbe blades 26 extend further radially 
into tbe passageway 36 than do tbe internal concave shaped 
walls of tbe bead portion slot forming walls (not shown) so 
as to permit tbe blades 26 to pivot outwardly from tbe 
closed positioo in Figure 4 to the open position in Figure 5 
as tbe ram 39 is moved forwardly along the passageway 36 and 
encounters tbe radially inward slope of tbe concave sides 
31. 

Tbe front end of tbe head portion 22 is provided with 
a bousing 40 and an eye 41 similar to that shown in tbe mole 
of Figure 1 and for similar purposes. 

The rear portion of mole 21 is provided with a 
clamping means 24 in tbe form ot a clamping sleeve 42 
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similar to that shown id tbe mole io Figure 1. As io that 
mole, tbe clamping sleeve 42 is secured to tbe body portion 
23 and is of sligbtly smaller diameter than tbe rear portioo 
32 of tbe body portioD 23. Tbe Dew plastics main 43 and its 
protective sbeatb 44 are secured and clamped to tbe clamping 
sleeve 42 in exactly tbe same manner as previously described 
for tbe .mole shown in Figure 1. 

In use, as with tbe mole described in Figure 1, tbe 
ground at either end of tbe existing cast iron main 45 is 
excavated to expose tbose ends* Tbe steel cable of a 
motorised winch is fed through tbe main 45 from one end and 
is secured to tbe bousing 40 via tbe eye 41. Tbe new 
plastics main 43 and itssbeath 4 are then clamped to tbe 

y 

clamping sleeve 42. The new plastics main 43 can be of tbe 
same or sligbtly larger internal diameter than tbe existing 
cast iron main 45. Tbe bead portion 22 of tbe mole 21 is 
then inserted into tbe existing main 45 until a portion at 
least of tbe cutting blades 26 lie adjacent to tbe internal 
wall of tbe existing main 45 as shown in Figure 4. Tbe ram 
39 is actuated b y d r au 1 i c a 1 1 y to move forwardly within the 
passageway 36 to cause tbe blades 26 to pivot about their 
ends 27 to engage and fracture tbe cast iron main 45 by tbe 
intense localised pressure of their cutting edges 28 upon 
tbe internal wall of tbe main 45 as shown in Figure 5. 
After a portioo of the main 45 has been cracked open tbe ram 
39 is withdrawn to tbe position shown in Figure 4 so that 
tbe blades 26 return to tbe closed position of Figure 4. 
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Tbe viocb cable (not Bbovo) is then wound onto tbe wiocb so 
as to pull tbe mole 21 tbrougb tbe existing main 45 by an 
amount oot exceeding tbe leogtb of tbe blades 26. A next 
portion of tbe existing main 45 is then fractured by tbe 
method just described and tbe mole 21 is tben pulled tbrougb 
tbe main 45 by a further amount not exceeding tbe length of 
blades 26. Tbi6 process is repeated until tbe entire length 
of tbe existing main 45 has been fractured. As tbe mole 21 
moves through tbe fractured maio 45 tbe body portion 23 
widens out tbe internal diameter of tbe fractured maio 45 
since, in use, tbe rear portion 32 of tbe body portion 23 i 
selected to have a diameter greater tban that of tbe 
original internal diameter of the cast iron main 45. 

Tbe body portion 23 also prevents debris from tbe 
fractured main 45 and eartb from falling into tbe pathway 
created for the new main 43. As tbe mole 21 proceeds along 
tbe fractured main 45, it tows tbe new^main 43 with it tbe 
internal diameter of "tbe new main 43 being tbe same or 
slightly larger tban that of tbe existing main 45. When tbe 
new main 43 is finally in position, tbe new main 43 and its 
sheatb 44 are removed from tbe clamping sleeve 42, 

Referring to Figure 8, the steel mole 51 comprises a 
front portion consisting of a bead 52 tapering generally 
conically towards its front end and a cylindrical rear 
portion 53 incorporating clamping means 54 for clamping a 
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main. 



As Bbovn more clearly in Figures 9 sod 10 tbe bead 
portion 52 bee a cutting face 55 comprising three blades 56, 
57 and 58 disposed in elongated axially directed slots in 
tbe wall of tbe bead 52. Two lower blades 56 and 57 (shown 
in Figure 9) are attached rigidly in tbe slots so that they 
are fixed. 



The other upper blade 58, which is wider and thicker 
than tbe lower blades, is pivotally mounted at its forward 
end 59 to tbe wall of the bead portion 52. 



Tbe upper blade 5,8 pivots on a pin, 60 extending 
through portions (not shown) of tbe bead 52 of tbe mole 51* 
the portions forming a recess (not shown). to accommodate 
movement of tbe blade 58. 



As shown in Figure 9, tbe blades 56 to 58 are spaced 
equian gu lar ly around tbe axis of the cutting face which 
tapers forwardly to the front end ot tbe mole 51. Each, 
blade 56 to 58 has a cutting edge 60 formed by two sloping 
side6 61 and a base 62 distal from the cutting edge 60 and 
formed between parallel sides 63. 



Referring to Figures 9 
51 boueeB an h y d r a u 1 i c a 1 1 y 
within a cylindrical bore 65 



to 10 tbe bead 52 of tbe mole 
actuated piston 64 slidable 
vitbin tbe bead 52. Tbe bore 
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65 bas a portion io wbicb tbe piston 64 is slidable. An 
internally threaded cylindrical recesE 67 is located above 
tbe portion 66 aDd receives ao external ly threaded stop ring 
68. The atop ring 68 serve6 to limit tbe extent of upward 
movement of tbe piston 64 vbeo it engages witb'a lowermost 
stop collar 69 forming an integral part of tbe piston 64. 

As shown in Figures 8 and 10 tbe bead 52 is provided 
with a hydraulic fluid channel 70 wbicb at one end 
communicates with tbe bore 65 below tbe piston 64 and 
terminates in a threaded bore 71 of wider diameter at tbe 
front end of tbe bead 52. Tbe threaded bore 71 serves to 
receive tbe threaded connector of a hydraulic bose coupling 
72. 

While not shown, the front end of head 52 is recessed 
laterally on two 6ides to receive and engage tbe cross- 
pieces 73 of two adjacent T-shaped winch cable connecting 
plates 74 (only one plate 74 shown in tbe drawings). The 
platee 74 are connected to each other and to tbe front end 
of tbe bead 52 by a pair of connecting pins 75 and 76 wbicb 
# extend through tbe cross-pieces 73 of tbe plates 74 via tbe 
front end of tbe bead portion 52. Tbe uprights 77 of tbe 
connecting plates 74 extend forwardly of tbe mole 51 and are 
connected together by a pin 78 which also forms a connecting 
point for tbe cable 79 of a wincb (not shown). 
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Referring to Figure 8 f tbe rear 53 of tbe.mole 51 
comprises a generally hollow cylinder adjoining tbe 
conically tapering molebead 52, Tbe mole 51 forme a bousing 
for a pneumatically actuated hammer device 80* 

Tbe bamxner 80 baa bead portion 81 projecting into an 
internal bore 82 formed in tbe bead 52 of tbe mole 51, tbe 
rear 83 of tbe hammer 80 being axially disposed vitb 
clearance in tbe cylindrical rear portion 53 of tbe mole 51. 

Tbe bead portion 81 of tbe hammer 80 comprises a 
forwardly conically tapering portion 84 terminating in a 
cylindrical end 85, Tbe diameter of tbe end 85 is less than 
tbe diameter of tbe adjoining end of tbe conically tapering 
portion 8 4 so that there is an annular shoulder 86 formed 
between tbe portion 84 and tbe hammer end 85* 



As shown in Figure 8 tbe portion 84 and tbe end 85 of 
the hammer head 81 are, in use, able to cooperatively engage 
in corresponding portions of tbe internal bore 82, tbese 
portions also forming an annular shoulder for cooperation 
with tbe annular shoulder 86 in tbe hammer bead 81. Arear 
part of tbe hammer portion 84 is disposed axially with 
clearance in a wider forwardly conically tapering portion 90 
of tbe int ernal bore 82, tbe portion 84 terminating witbin 
tbe rear 33 of tbe ioole 51. 



Tbe rear 83 of tbe hammer 80 comprises a cylindrical 
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portion 91 terminating in 
portion 92 wbicb is provided 
an air hose 93. 



a reaiwardly taperiog conical 
with a coupling (not shown) for 



Id use, compressed air supplied to the hammer 80 
through the hose 93 causes the hammer 80 to reciprocate in 
the conventional manner to drive the mole 51 through the 
existing main 94 by the percussive action of the hammer bead 
81 upon tbe corresponding cooperating portions ot the 
internal bore 8 of tbe mole 51. 

Tbe means 54 for clamping tbe liner 95 to tbe mole 51 
comprises a steel ring 96 for engaging tbe rear end of tbe 
liner 95, a looped cable 97 connected tbe ring 96, a 
tensioning cable 98 connected to tbe cable 97, a clamping 
cup 99 for engaging the far end of tbe liner 95 and a 
tensioning device 100 for tensioning tbe cable 98. 

Tbe steel ring 96 is secured ae by welding within and 
to tbe internal wall of tbe rear portion 53 of tbe mole 51. 
Tbe ring 96 is formed with boles (not shown) to enable tbe 
ends of tbe looped steel cable 97 to be secured thereto. 

Tbe clamping cup 99 wbicb is alBo of steei is adapted 
to receive and locate the far end of tbe liner 95 and is 
apertured (not shown) for tbe passage therethrough ot tbe 
air hose 93 and of tbe tensioning cable 98. 
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Tbe tensioning cable 98 which is also of steel, is 
coupled by a conventional bitch 101 at one end to tbe looped 
cable 97 and ie connected via its other end to tbe 
tensioning device 10. Tensioning device 100 comprises a 
ratchet wincb arrangement 102* 

In use of the mole 51, as with tbe moles previously 
described tbe ground at either end of tbe existing cast iron 
main 94 is excavated to expose tbe ends of tbe main 94. Tbe 
steel cable 79 of a motorieed wincb is then fed through tbe 
main 94 from one end and is secured to mole 51 located at 
tbe other end of tbe main 94. Tbe cable 79 is connected to 
tbe winch cable plates 74 by way of tbe wincb cable pin 78. 
Next tbe hydraulic boBe 94 is fed through the same end of 
the main 94 as the cable 79 and is coupled ta tbe fluid bore 
71 in tbe mole bead 52 by way of tbe hose coupling 72. 

In the next stage, the liner 95 is clamped to tbe mole 
51. Initially, the looped cable 97 is secured to tbe ring 
96 and tbe cable 97 is tben secured to tbe tensioning cable 

98. Tbe liner 95 is tben pushed up tbe cylindrical portion 
53 of tbe mole 51 until one end of tbe liner 95 engages with 
the ring 96. The clamping cup 99 is tben slid along tbe 
tensioning cable 98 and tbe air bose 93 until tbe otber end 
of the liner 95 is located within and engages with tbe cup 

99. Tbe tensioning cable 98 is tben tensioned by tbe 
tensioning device 100 and tbe liner 95 is therefore clamped 
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CLAIMS 

1. A method for replacing or preparing for replacement an 
existing main with a new maio, characterised in that the 
method comprises fracturing the existing main (8,45,94) and 
maintaining sufficient clearance through the fractured main 
(8,45,94) for movement therethrough of a new main (13,43) or 
a liner (14,44,95) for the fractured oaio (8,45,94) the 
liner (14,44,95) to serve as a protective 6leeve for the new 
main (13,43) when the new main is subsequently moved into 
the liner (95). 

2. A method as claimed in Claim 1, characterised in that 
the new main (13,43) is presleeved with the liner (14,44) 
before the new main (13,43) is moved through the fractured 
main (8,45,94). 

3. A method as claimed in Claim 1 or Claim 1% 
characterised in that the existing main (8,45,94) is 
continuously fractured ahead ot the moving new main (13,43) 
or liner (14,44,95). 

4. A method as claimed in any of C 1 a i m e 1 to 3, 
characterised in that the internal diameter of the new main 
(13,43) is equal to or greater than the internal diameter or 
the existing main (8,45,94). 
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5. k method as claimed io any ofd Claims 1 to 4, 
c b ar a c t er i 6 ed in that the clearance provides a bore whose 
diameter is greater than the external diameter ot tbe 
existing main (8,45,94), 

6. A method as claimed in any ot the preceding claims in 
which tbe clearance provides a bore whose diameter is 
greater than the external diameter of tbe new main (13,43) 
or tbe liner (14,44,95)* 
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FIG. 6. 
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© Mains insertion. 

© The present invention relates to the replacement of en 
existing main, particularly an existing cast iron gas main, 
with e new main utilising a device in the form of a mole. The 
mole 1, which is of steel, is adapted to be inserted into and 
moved along the existing main 8. The mole 1 has a front 
portion comprising a head 2 and a cylindrical body portion 3 
and a rear portion having clamping means 4 for clamping a 
new main 13. The head 2 has a cutting face 5 for engaging 
the internal wall of the existing main 8 so as to cause the wall 
to fracture as the mole 1 moves therealong. The new main 13 
which in use is clamped to the mole 1 is towed along behind 
the mole 1 to replace the fractured old main B. In one 
embodiment of the invention (Figure 1) the cutting face 5 
comprises three or more cutting edges 6 formed by grinding 
on high tensile steel cutters 7 which are located in keyways in 
the head 2. In another embodiment of the invention {Figure 
4) the cutting face 25 may comprise three or more pivotally 
mounted cutting blades 26 which are pivotally mounied at 



their forward ends 27 to the wall of the head 23. The blades 
26 are caused to pivot radially outwardly from their closed 
position to engage the pipe wait 45 and fracture it as the 
mole moves along the pipe towing the new main 43 
therewith. 

In still another embodiment of the invention, (Figure 10) 
only one 58 of the blades is pivotally mounted at its forward 
end 59 to the mole 51, the other blades 56. 57 being fixed. In 
this embodiment, the mole 51 is driven through the existing 
main 94 by means of a pneumatically actuated hammer 80 
(Figure 8) engaging percussively with an internal wall of the 
mole formed by an internal bore 82. The pivotal blade 58 
pivots under the action of an associated piston 64 which is 
hydraulically actuated by fluid supplied from a hose 103 by 
way of a channel 70. The blade 58 is normally closed but is 
pivotted to fracture any circumferemially located obstruction 
located in the main 94 and serving to inhibit the movement 
of the mole 51 therethrough. 
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Description 

The present invention relates to the replace- 
ment or the preparation for replacement of an 
existing main, particularly an existing cast iron 
gas main, with a new main and is particularly 
concerned with a device for enabling this 
replacement to be carried out. 

This application is divided out from the 
copending European Patent 0053480 which is 
directed to a device for replacing an existing 
main. 

Mains have to be replaced for a number of 
reasons, for instance, the existing main may be 
in poor condition or the existing main may not 
be of sufficient capacity to accomodate a modi- 
fied load. 

The usual means of replacing a gas main 
involves the use of costhy and labour intensive 
total excavation of the surrounding ground, 
Alternatively, if total excavation is avoided and 
the new main is merely inserted into the existing 
main, it will, by necessity, be of smaller internal 
diameter than the existing main and thus will be 
of smaller gas carrying capacity. 

US Patent Specification No. 3181302 is 
directed to an apparatus for replacing a pipe 
occupying an underground passageway through 
which a substantially horizontal axis extends. 
The apparatus comprises a pipe splitting cutter 
in which is adapted to be drawn through the pipe 
so as to progressively slit the pipe into two 
longitudinal halves. These are then spread apart 
by a spreader to enable a new pipe which is 
previously coupled to the apparatus to occupy 
the position of the existing pipe. 

It is an object of the present invention to 
enable an existing main to be replaced or pre- 
pared for replacement by a new main. 

According to the present invention, there is 
provided a method for replacing or preparing for 
replacement a b.uried existing main with a new 
main, the method comprising dividing the buried 
main in situ to form discrete portions and mov- 
ing the portions radially outwardly to widen the 
bore of the main to form a passage having a 
diameter at least as great as the external dia- 
meter of the new main or a liner for the existing 
main, maintaining sufficient clearance through 
the passage for movement therethrough of a 
new main or a liner for the existing main and 
moving the new main or liner endwise into the 
passage simultaneously with the widening of the 
bore of the buried existing main, the liner to 
serve as a protective sleeve for the new main 
when the new main is subsequently moved into 
the liner, characterised in causing at least a 
portion of the radially outward movement of the 
divided portions to occur simultaneously with 
the formation of the portions. 

Embodiments of the invention will now be 
described with reference to the accompanying 
drawings in which: 

Figure 1 is a side view of a first embodiment of 
the mole shown in use, 



Figure 2 is an end view of the mole cutting face 
shown in Figure 1 and having four cutting edges, 
Figure 3 is an end view of the mole cutting face 
shown in Figure 1 and having three cutting 
5 edges, 

Figure 4 is a side view partly in section of a 
second embodiment of the mole shown at the 
commencement of operation, 
Figure 5 is a view of the mole shown in Figure 
io 4 during operation, 

Figure 6 Is an end view of the mole cutting 
face shown in Figures 4 and 5 and having three 
cutters shown in hidden detail, 
Figure 7 is an end view of the mole cutting face 
15 shown in Figures 4 and 5 and having four cutters 
shown in hidden detail, 

Figure 8 is a side view of a third embodiment 
of the mole shown in use and broken away in 
part to reveal internal detail, 
20 Figure 9 is a view along the lines IX-IX of 
Figure 8, and 

Figure 10 is a close up view of the front of the 
mole partly in section, 
Referring to the Figures 1 to 3, Figure 1 shows 
25 a steel mole 1 having a front portion consisting 
of a head portion 2 and a cylindrical body portion 
3 and a rear portion having clamping means 4 
for clamping a new main. 
The head portion 2 has a cutting face 5 com- 
50 prising three or more cutting edges 6 formed by 
grinding high tensile steel cutters 7 (four cutters 
are shown in Figures 1 and 2). The cutters 7 are 
housed in keyways (not shown) in the head 
portion 2, which is in the form of a cylinder 
35 tapering towards the front end of the mole, the 
cutters 7 being attached to the head portion 2 by 
means of bolts (not shown) so that the cutters 7 
are removable from the head portion 2. The 
cutting face 5 tapers radially inwardly in the 
40 direction of the forward end of the mole 1, that 
is, the radii of the cutting edges 6 decrease 
towards the forward end of the mole 1 so as to 
enable the cutting face 5 to exert a continuously 
increasing cutting action on the existing main 8 
45 as the mole 1 moves therethrough. 

The cutting face 5 terminates at rearward 
points 9 on the head portion 2, which points 9 
are concentrically aligned with the periphery of 
the body portion 3 and the keyways are arranged 
so on the head portion 2 so that the cutters 7 and 
their cutting edges 6 in position on the mole 1 lie 
in an axial plane of the mole 1. 

The front end of the head portion 2 is provided 
with a housing 10 cast into the head portion 2 
55 and provided with an eye 1 1 to enable the mole 1 
to be* connected to a steel winch cable (not 
shown). 

The rear portion of the mole 1 is provided with 
a clamping means 4 in the form of a sleeve 12 

60 secured to the body portion 3 and being of 
slightly smaller external diameter than that of the 
body portion 3. The sleeve 12, In use, receives 
the end of the new main 13 which is of a flexible 
material such as plastics. The end of the new 

65 main 13 is first surrounded by a protective plas- 
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tics sleeve 14 and the main 13 and sleeve 14 are 
pushed into the clamping sleeve 12. This is 
arranged to have an internal diameter approxi- 
mately equal to the internal diameter of the new 
main 13 so that this fits securely within and is 
tightly gripped and clamped by the clamping 
sleeve 12. 

The cutters 7 are arranged to be spaced 
equiangularly around the axis of the cutting face 5 
as shown in Figures 2 and 3 and the taper of the 
cutting face 5 prevents the mole 1 from twisting 
and turning on its horizontal axis thereby prevent- 
ing undue strain on the new main and associated 
pneumatic feedlines (not shown). 

In use, the ground at either end of the existing 
cast iron main 8 is excavated to expose those 
ends. The steel cable of a motorised winch is fed 
through the main 8 from one end and is secured 
to the shackle housing 1 0 via the eye 1 1 . The new 
plastic main 13 and its sheath 14 are then 
clamped to the clamping sleeve 12. The new 
plastics main 13 can be of the same or slightly 
larger internal diameter than the existing cast iron 
main 8. The head portion 2 of the mole 1 is then 
inserted into the existing cast iron main 8 until the 
cutting edges 6 engage the end of the main 8 as 
shown in Figure 1. 

The cable is then wound onto the winch so as to 
pull the mole 1 through the existing main 8, At the 
same time the rear portion 12 Is acted upon by a 
pneumatic hammer {not shown) to drive the mole 
1 into the main 8. The combined tension and 
pneumatic pressure cause the mote 1 to move 
along the main 8 so that the cutting edges 7 
engage the internal wall of the main 8 and cause 
the wall to fracture due to their intense localised 
pressure on the wall as the mole 1 moves there- 
through. The cylindrical body 3 widens out the 
internal diameter of the fractured main 8 since, in 
use, the body 3 is selected to have a diameter 
greater than that of the original internal diameter 
of the main 8. The body 3 also prevents debris 
from the fractured main and earth from falling 
into the pathway created for the new main. As the 
' mole 1 proceeds along the now fractu red main 8 it 
tows the new main 13 and its associated sheath 
14 with it, the internal diameter of the new main 
13 being equal to or slightly larger than that of the 
existing main 8. When the new main 13 is finally 
in position, the new main 13 and its sheath 14 are 
removed from the clamping sleeve 12, 

As a general rule the outer diameter of the body 
portion 3 of the mole 1 is arranged to be about I" 
(3.17 mm) greater than the outer diameter of the 
existing main and the outer diameter of the 
clamping sleeve 12 is about 1/8" (3.17 mm) less in 
diameter than that of the cylindrical body portion 
3 of the mole 1. 

Referring to Figures 4 to 7, Figure 4 shows a 
steel mole 21 having a front portion consisting of 
a head portion 22 and a body portion 23 and a 
rear portion having a clamping means 24 for 
clamping a new main. 

The head portion 22 has a cutting face 25 
comprising three or more pivotally mounted cut- 



ting blades 26 (four are present on the mole 
shown in Figures 4 and 5). The blades 26 are 
disposed in elongated axially directed slots (not 
shown) in the wall of the head portion 22 and are 

5 pivotally mounted at their forward ends 27 to the 
wall of the head portion 22. 

Referring to Figures 6 and 7 the blades 26 are 
arranged to be spaced equiangularly around the 
axis of the cutting face. Each blade 26 has a 

10 cutting edge 28 formed by two sloping sides 29, 
two parallel sides 30 adjoining the sloping sides 
29 and a concave side 31 distal from the cutting 
edge 28 between the parallel sides 30. 
Referring to Figures 4 and 5 the concave side 31 

is slopes away from the cutting edge 28 in a direc- 
tion forwardly of the mole. 

The body portion 23 has a cylindrical rear 
portion 32, a frustoconical portion 33 tapering 
forwardly of the mole and a cylindrical front 

20 portion 34 adjoining the slot forming wails (not 
shown) of the head portion 22. 

The body portion 23 is provided with a circular 
centrally located through-going bore 35 (see 
- Figure 5) which merges with a passageway 36 

25 formed by the concave sides 31 of the blades 26 
and the internal concave shaped walls (not 
shown) of the head portion slot forming walls. 
The passageway 36 merges with a circular cen- 
trally located through-going bore 37 located near 

30 the forward end of the head portion 23 beyond 
the pivotted ends 27 of the blades 26. The bore 27 
is provided with a conical termination 38. 

The bore 35 and passageway 36 house an 
hydraulically operated cylindrical ram 39 which is 

35 capable of movement within the bore 35 and 
passageway 36. The front of the ram 39 is 
engaged at all times with the concave sides 31 of 
the blades 26. When the blades 26 are in the 
closed position shown in Figure 4 the cutting 

40 edges 28 are axially aligned with the front portion 
34 of the body portion 23. The concave sides 31 of 
the blades 26 extend further radially into the 
passageway 36 than do the internal concave 
shaped walls of the head portion slot forming 

45 walls (not shown) so as to permit the blades 26 to 
pivot outwardly from the closed position in Figure 
4 to the open position in Figure 5 as the ram 39 is 
moved forwardly along the passageway 36 and 
encounters the radially inward slope of the con- 

so cave sides 31. 

The front end of the head portion 22 is provided 
with a housing 40 and an eye 41 similar to that 
shown in the mole of Figure 1 and for similar 
purposes. 

55 The rear portion of mole 21 is provided with a 
clamping means 24 in the form of a clamping 
sleeve 42 similar to that shown in the mole in 
Figure 1. As in that mole, the clamping sleeve 42 
is secured to the body portion 23 and is of slightly 

60 smeller diameter than the rear portion 32 of the 
body portion 23, The new plastics main 43 and its 
protective sheath 44 are secured and clamped to 
the clamping sleeve 42 in exactly the same 
manner as previously described for the mole 

65 shown in Figure 1. 
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In use, as with the mole described in Figure 1, the 
ground at either end of the existing case iron main 
45 is excavated to expose those ends. The steel 
cable of a motorised winch is fed through the main 
45 from one end and is secured to the housing 40 
via the eye 41. The new plastics main 43 and its 
sheath 4 are then clamped to the clamping sleeve 
42. The new plastics main 43 can be of the same or 
slightly larger internal diameter than the existing 
cast iron main 45. The head portion 22 of the mole 
21 is then inserted into the existing main 45 until a 
portion at least of the cutting blades 26 lie adjacent 
to the internal wall of the existing main 45 as 
shown in Figure 4. The ram 39 is actuated 
hydraulically to move forwardly within the 
passageway 36 to cause the blades 26 to pivot 
about their ends 27 to engage and fracture the cast 
iron main 45 by the intense localised pressure of 
their cutting edges 28 upon the internal wall of the 
main 45 as shown in Figure 5. After a portion of the 
main 45 has been cracked open the ram 39 is 
withdrawn to the position shown in Figure 4 so 
that the blades 26 return to the closed position of 
Figure 4. The winch cable (not shown) is then 
wound onto the winch so as to pull the mole 21 
through the existing main 45 by an amount not 
exceeding the length of the blades 26. A next 
portion of the existing main 45 is then fractured by 
the method just described and the mole 21 is then 
pulled through the main 45 by a further amount 
not exceeding the blades 26. This process is 
repeated until the entire length of the existing 
main 45 has been fractured. As the mole 21 moves 
through the fractured main 45 the body portion 23 
widens out the internal diameter of the fractured 
main 45 since, in use, the rear portion 32 of the 
body portion 23 is selected to have a diameter 
greater than that of the original internal diameter 
of the cast iron main 45. 

The body portion 23 also prevents debris from 
the fractured main 45 and earth from falling into 
the pathway created for the new main 43. As the 
mole 21 proceeds along the fractured main, it tows 
the new main 43 with it, the internal diameter of 
the new main 43 being the same or slightly larger 
than that of the existing main 45. When the new 
main 43 is finally in position, the new main 43 and 
its sheath 44 are removed from the clamping 
sleeve 22. 

Referring to Figure 8, the steel mole 51 com- 
prises a front portion consisting of a head 52 
tapering generally conically towards its front end 
and a cylindrical rear portion 53 incorporating 
clamping means 54 for clamping a cylindrical liner 
for the new main. 

As shown more clearly in Figures 9 and 10 the 
head portion has a cutting face 55 comprising 
three blades 56, 57 and 58 disposed in elongated 
axially directed slots in the wall of the head 52. Two 
lower blades 56 and 57 (shown in Figure 9) are 
attached rigidly in the slots so that they are fixed. 

The other upper blade 58, which is wider and 
thicker than the lower blades, is pivotally mounted 
at its forward end 59 to the wall of the head portion 
52. 



The upper blade 58 pivots on a pin 60 extending 
through portions (not shown) of the head 52 of the 
mole 52, the portions forming a recess (not shown) 
to accommodate movement of the blade 58. 

s As shown in Figure 9, the blades 56 and 58 are 
spaced equiangularly around the axis of the 
cutting face which tapers forwardly to the front 
end of the mole 51. Each blade 56 to 58 has a 
cutting edge 60 formed by two sloping sides 61 

to and a base 62 distal from the cutting edge 60 and 
formed between parallel sides 63. 

Referring to Figures 9 and 10 the head 52 of the 
mole 51 houses an hydraulically actuated piston 
64 slidable within a cylindrical bore 65 within the 

is head 52. The bore 65 has a portion 66 in which the 
piston 64 is slidable. An internally threaded 
cylindrical recess 67 is located above the portion 
66 and receives an externally threaded stop ring 
68. The stop ring 68 serves to limit the extent of 

20 upward movement of the piston 64 when it 
engages with a lowermost stop collar 69 forming 
an integral part of the piston 64, 

As shown in Figures 8 and 10 the head 52 is 
provided with a hydraulic fluid channel 70 which at 

28 one end communicates with the bore 65 below the 
piston 64 and terminates in a threaded bore 71 of 
wider diameter at the front end of the head 52, The 
threaded bore 71 serves to receive the threaded 
connector of a hydraulic hose coupling 72. 

30 While not shown, the front end of head 52 is 
recessed laterally on two sides to receive and 
engage the cross-pieces 73 of two adjacent T- 
shaped winch cable connecting plates 74 (only one 
ptate 74 shown in the drawings). The plates 74 are 

35 connected to each other and to the front end of the 
head 52 by a pair of connecting pins 75 and 76 via 
the front end of the head portion 52. The uprights 
77 of the connecting plates 74 extend forwardly of 
the mole 51 and are connected together by a pin 78 

40 which also forms a connecting point for a cable 79 
of a winch (not shown). 

Referring to Figure 8, the rear 53 of the mole 51 
comprises a generally hollow cylinder adjoining 
the conically tapering mole head 52. The mole 51 

46 forms a housing for a pneumatically actuated 
hammer device 80. 

The hammer 80 has head portion 81 projecting 
into an internal bore 82 formed in the head 52 of 
the mole 51, the rear 83 of the hammer 80 being 

so axially disposed with clearance in the cylindrical 
rear portion 53 of the mole 61. 

The head portion 81 of the hammer 80 com- 
prises a forwardly conically tapering portion 84 
terminating in a cylindrical end 85. The diameter of 

55 the end 85 is less than the diameter of the 
adjoining end of the conically tapering portion 84 
so that there is an annular shoulder 86 formed 
between the portion 84 and the hammer end 85. 
As shown in Figure 8 the portion 84 and the end 

60 85 of the hammer head 81 are, in use, able to co- 
operatively engage in corresponding portions of 
the internal bore 82, these portions also forming 
an annular shoulder for co-operation with the 
annular shoulder 86 in the hammer head 81 . A rear 
65 part of the hammer head portion 84 is disposed 
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axially with clearance in wider forwardty conicatly 
tapering portion 90 of the internal bore 82, the 
portion 84 terminating within the rear 53 of the 
mole 51. 

The rear 83 of the hammer 80 comprises a 
cylindrical portion 91 terminating in a rearwardly 
tapering conical portion 92 which is provided with 
a coupling (not shown} for an air hose 93. 

In use, compressed air supplied to the hammer 
80 through the hose 93 causes the hammer 80 to 
reciprocate in the conventional manner to drive 
the mole 51 through the existing main 94 by the 
percussive action of the hammer head 81 upon 
the corresponding co-operating portions of the 
internal bore 82 of the mole 51. 

The means 54 for clamping the liner 95 to the 
mole 51 comprises a steel ring 96 for engaging 
the rear end of the liner 95, a looped cable 97 
connected to the ring 96, a tensioning cable 98 
connected to the cable 97, a clamping cup 99 for 
engaging the far end of the liner 95 and a locking 
device 100 for locking the cable 98 against the cup 
99. The cable 98 is coupled by a conventional 
hitch 101 at one end to the looped cable 97. 

The steel ring 96 is secured as by welding with 
and to the internal wall of the rear portion 53 of 
the mole 51. The ring 96 is formed with holes (not 
shown) to enable the ends of the looped steel 
cable 97 to be secured thereto. 

The clamping cup 99 which is also of steel is 
adapted to receive and locate the far end of the 
liner 95 and is apertured (not shown) for the 
passage therethrough of the air hose 93 and of 
the tensioning cable 98. 

In use of the mole 51, as with the moles 
previously described the ground at either end of 
the existing cast iron main 94 is excavated to 
expose the ends of the main 94. The steel cable 79 
of a motorised winch is then fed through the main 
94 from one end and is secured to mole 51 located 
at the other end of the main 94. The cable 79 is 
connected to the winch cable plates 74 by way of 
the winch cable pin 78. Next the hydraulic hose 94 
is fed through the same end of the main 94 as the 
cable 79 and is coupled to the fluid bore 71 in the 
mole head 52 by way of the hose coupling 72. 

In the next stage, the liner 95 is clamped to the 
mofe 51. Initially, the looped cable 97 is secured to 
the ring 96 and the cable 97 is then secured to the 
tensioning cable 98. The liner 95 is then pushed 
up the cylindrical portion 53 of the mole 51 until 
one end of the liner 95 engages with the ring 96. 
The clamping cup 99 is then slid along the 
tensioning cable 98 and the air hose 93 until the 
other end of the liner 95 is located within and 
engages with the cup 99, The tensioning cable 98 
is then tensioned and locked by the locking device 
100 and the liner 95 is therefore clamped com- 
pressively between the clamping cup 99 and the 
ring 96. As shown in Figures 8 and 10 the internal 
diameter of the liner 95 is greater than the internal 
diameter of the existing cast iron main 94. 

The head portion 52 of the mole 51 is then 
inserted into the cast iron main 103 until the 
cutting edges 60 of the blades 56,57 and 58 



engage the end of the main 103 as shown in the 
drawings. The pneumatic hammer 80 is actuated 
by supplying compressed air to its rear end by 
way of the air hose 93 so that the hammer 80 
5 percussiveiy drives the mole 51 through the main 
94. 

Simultaneously the mole 51 is drawn through 
the main 94 by the cable 79 which serves to guide 
the mole 51 axially through the main 94. 

to As the mole 51 moves through the main 1 03 the 
cutting edges 60 engage the internal wall of the 
main 94 and cause it to fracture. Since the 
cylindrical portion 53 of the mole 51 has a greater 
external diameter than the internal diameter of 

75 the main 94, the internal diameter of the fractured 
main 94 is widened out. The body 53 of the mole 
51 also serves to provide clearance for the 
passage of the liner 95 therethrough and prevents 
debris from the fractured main and earth from 

20 falling into the pathway created for the liner 95. 

Should the mole 51 encounter an obstruction in 
the main 94, such as a flange which narrows the 
internal diameter of the main 94, the movable 
blade 58 Is plvotted outwardly to fracture the 

25 obstruction and provide a clearance for the liner. 
In this case hydraulic fluid is pumped to the piston 
64 via the hose 103, duct 70 and the cylinder bore 
65. The fluid pressure is relaxed immediately after 
the obstruction has been fractured so that the 

30 piston 64 relaxes and the blade 58 returns to its 
closed position. The hose 103 is of course moved 
simultaneously forward with the mole 51. 

The liner 95 is pushed through and out of the 
main 103 after complete fracture thereof. 

35 Finally, the mole 51, together with the asso- 
ciated locking device 100 is removed from the 
liner 95. The new main (not shown) may then be 
pushed manually or otherwise through the liner 
95 which therefore forms a protective sleeve for 

40 the new main. 

The new main may be of any convenient plas- 
tics material such as polyethylene or pvc while 
the liner is of a much tougher wear resistent 
plastics material. 

45 

Claims 

1. A method for replacing or preparing for 
replacement a buried existing main with a new 

so main, the method comprising dividing the buried 
main in situ to form discrete portions and moving 
the portions radially outwardly to widen the bore 
of the main to form a passage having a diameter 
at least as great as the external diameter of the 

55 new main or a liner for the existing main, main- 
taining sufficient clearance through the passage 
for movement therethrough of a new main or a 
liner for the existing main and moving the new 
main or liner endwise into the passage simul- 

60 taneously with the widening of the bore of the 
buried existing main, the liner to serve as a 
protective sleeve for the new main when the new 
main is subsequently moved into the liner, 
characterised in causing at least a portion of the 

65 radially outward movement of the divided por- 
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tions to occur substantially simultaneously with 
the formation of the portions. 

2. A method as claimed in claim 1, charac- 
terised in that the buried main (8, 94) is fractured 
and the passage is formed by a mole (1,51) which 
is moved through the buried main (8, 94) and 
which has a portion (2, 52) which both fractures 
the buried main (8, 94) to produce debris and also 
causes the debris to be moved radially outwards 
substantially simultaneously with the formation 
of the debris. 

3. A method as claimed in claim 2, charac- 
terised in that the portion is a tapering cylinder (2, 
52). 

4. A method as claimed in claim 3, charac- 
terised in that the tapering cylinder (2, 52) is 
frusto-conical. 

5. A method as claimed in any of claims 2 to 4, 
characterised in that the portion (2, 52) has at 
least one main fracturing member (7, 56, 57, 58) 
adapted to engage and fracture the Internal wall 
of the buried main (8, 94). 

6. A method as claimed in claim 5, charac- 
terised in that there are a plurality of such mem- 
bers (7, 56, 57, 58). 

7. A method as claimed in claim 6, charac- 
terised in that at least one of the members (58) is 
retractably movable outwards to engage and 
fracture the internal wall of the buried main (94). 

8. A method as claimed in any of claims 2 to 7, 
characterised in that the mole (1, 51) is driven 
through the buried main (8, 94). 

9. A method as claimed in claim 8, charac* 
tensed in that the mole (1 f 51) is percussively 
driven through the buried main (8, 94). 

10. A method as claimed in claim 2, charac- 
terised in that the buried main (45) is fractured 
and the passage is formed by a mole (21) which is 
moved through the buried main (45) and which 
has at least one retractably outwardly movable 
member (26) to engage and fracture the buried 
main (45) to produce debris and also cause the 
debris to be moved radially outwards sub- 
stantially simultaneously with the formation of 
the debris. 

11. A method as claimed in claim 10, charac- 
terised in that the mole has a plurality of such 
members (26). 

12. A method as claimed in any of claims 2 to 
11, characterised in that the new main (13, 43) or 
the liner (14, 44, 95) is connected to the rear end of 
the mole (1,21, 51). 

13. A method as claimed in any of the preceding 
claims, characterised in that the internal diameter 
of the new main (13, 43) is equal to or greater than 
the internal diameter of the buried main (8, 45). 

14. A method as claimed in any of the preceding 
claims, characterised in that the internal diameter 
of the new main (13, 43) is equal to or greater than 
the external diameter of the buried main (8, 45). 

15. A method as claimed in any of the preceding 
claims, characterised in that the diameter of the 
passage is greater than the internal diameter of 
the buried main (8, 45, 94). 

16. A method as claimed in any of the preceding 



claims, characterised in that the diameter of the 
passage is equal to or greater than the external 
diameter of the buried main (8, 45, 94). 
17;A method as claimed in any of the preceding 
5 claims, characterised in that the buried main (8, 
45, 94) is of cast Iron. 

Patentanspruche 

io 1. Verfahren fur den Austausch oder die Vorbe- 
reitung des Austausches einer bestehenden 
Unterflurleitung gegen eine neue Leitung, mit den 
Verfahrensschritten des Aufteilens der Unterflur- 
leitung an Ort und Stelle zur Bildung von Einzel- 

is teilstucken und des Bewegens der Einzelteilstucke 
radial auswSrts, um die Bohrung der Leitung 
aufzuweiten und dadurch eine Passage zu bilden, 
deren Durchmesser mindestens so gro& wie der 
AuSendurchmesser der neuen Leitung oder einer 

20 Auskleidung fur die bestehende Leitung ist, des 
Aufrechterhaltens eines ausreichenden Spiels 
zum Bewegen einer neuen Leitung oder Ausklei- 
dung fur die bestehende Leitung durch die Pas- 
sage hindurch und des Bewegens der neuen 

25 Leitung oder Auskleidung axial in die Passage 
gleichzeitig mit dem Aufweiten der Bohrung der 
bestehenden Unterflurleitung, wobei die Ausklei- 
dung als Schutzhuile fur die neue Leitung dient, 
wenn diese nachfolgend in die Auskleidung 

30 bewegt wird, dadurch gekennzeichnet, dalS 
zumindest ein Teil der radiaien Auswartsbewe- 
gung der Einzelteilstucke im wesentlichen gleich- 
zeitig mit der Bildung der Einzelteilstucke vorge- 
nommen wird. 

35 2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daft die Unterflurleitung (8, 94) aufgeris- 
sen und die Passage durch eine Mole (1, 61) 
gebitdet wird, die durch die Unterflurleitung (8, 
94) hindurchbewegt wird und die ein TeilstOck (2, 

40 52) aufweist, das sowohl die Unterflurleitung (8, 
94) aufreiftt, um Trummer zu erzeugen, als auch 
die Trummer veranlaBt, sich im wesentlichen 
gleichzeitig mit ihrer Bildung radial nach au&en zu 
bewegen. 

45 3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daB das Teilstuck ein zugespitzter Zylln- 
der (2, 52) ist. 

4. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, daft der zugespitzte Zylinder (2, 52) 

so kegelstumpfformig ausgebildet ist 

5. Verfahren nach einem der Anspruche 2 bis 4, 
dadurch gekennzeichnet, daS das Teilstuck (2, 52) 
zumindest einen HauptaufreiSbauteil (7, 56, 57, 
58) aufweist, der mit der Innenwand der Unter- 

55 flurleitung (8, 84) in Wirkverbindung steht und 
diese aufreiftt 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daft eine Vielzahl solcher Bauteile (7, 56, 
57, 58) vorgesehen ist. 

6a 7. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, dafS zumindest einer .der Bauteile (58) 
ruckstellbar nach auften bewegbar ist, um mit der 
Innenwand der Unterflurleitung (94) in Wirkver- 
bindung gebracht zu werden und diese aufzubre- 

65 chen. 
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8. Verfahren nach einem der Anspruche 2 bis 7, 
dadurch gekennzeichnet, daB die Mole (1, 51) 
durch die Unterflurleitung (8, 94) hindurchgetrie- 
ben wird. 

9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daB die Mole (1, 51) stoBend oder 
schlagend durch die Unterflurleitung (8, 94) hin- 
durchgetrieben wird. 

10. Verfahren nach Anspruch 2, dadurch 
gekennzeichnet, daB die Unterflurteilung (45) auf- 
gerissen und die Passage durch eine Mole (21) 
gebildet wird, die durch die Unterflurleitung (45) 
hindurchbewegt wird und zumindest einen ruck- 
stellbar nach auBen bewegbaren Bauteil (26) auf- 
weist, der durch Einwirken auf die Unterflurleitung 
(45) diese aufreiBt, um Trummer zu erzeugen und 
diese im wesentlichen gleichzeitig mit ihrer Entste- 
hung radiai nach auBen zu bewegen. 

11. Verfahren nach Anspruch 10, dadurch 
gekennzeichnet, daB die Mole eine Vielzahl sol- 
cher Bauteile (26) aufweist. 

12. Verfahren nach einem der Anspruche 2 bis 
1 1 , dadurch gekennzeichnet, daR die neue Leitung 
(13, 43) Oder Auskleidung (14, 44, 95) mit dem 
hinteren Ende der Mole (1, 21, 51) verbunden ist 

13. Verfahren nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB der 
Innendurchmesser der neuen Leitung (13, 43) 
gleich dem oder groBer als der Innendurchmesser 
der Unterflurleitung (8, 45) ist. 

14. Verfahren nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB der 
Innendurchmesser der neuen Leitung (13, 43) 
gleich dem oder groBer als der AuBendurchmes- 
ser der Unterflurleitung (8, 45) ist. 

15. Verfahren nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB der 
Durchmesser der Passage grdBer als der Innen- 
durchmesser der Unterflurleitung (8, 45, 94) ist. 

16. Verfahren nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB der 
Durchmesser der Passage gleich dem oder grdBer 
als der AuBendurchmesserder Unterflurleitung (8, 
45, 94) ist. 

17. Verfahren nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB die 
Unterflurleitung (8, 45, 94) aus GuBeisen besteht. 

Revendications 

1. Precede pour remplacer ou preparer le rem- 
placement d'une canalisation enterree existante 
par une nouvelle canalisation, le procede consis- 
tant h §clater sur place la canalisation enterree 
pour former des morceaux physiquement dis- 
tincts et a d6placer les morceaux radialement vers 
I'exterieur pour elargir la lumiere de la canalisation 
afin de former un passage ayant un diametre au 
moins aussi grand que le diametre exterieur de la 
nouvelle canalisation ou d'une chemise pour la 
canalisation existante, a maintenir un degagement 
suffisant dans le passage pour permettre un 
mouvement dans celui-ci d'une nouvelle canalisa- 
tion ou d'une chemise pour la canalisation exis- 
tante, et a introduire en bout la nouvelle canalisa- 



tion ou la chemise dans le passage en m§me 
temps que la lumiere de la canalisation enterree 
existante et eiargie, la chemise 6tant destinee a 
servir de gaine protectrice pour la nouvelle canali- 

5 sation lorsque celle-ci est ensuite introduite dans 
la chemise, caracterise en ce qu'il consiste a 
4 amener au moins une partie du mouvement radial 
vers I' exterieur des morceaux eclates a se produire 
a peu pres simultanement a la formation des 

jo morceaux. 

2. Procede selon la revendication 1, caracterise 
en ce que la canalisation entente (8, 94) est 
fractured et le passage est forme par une taupe (1, 
51) qui est deplacee dans la canalisation enterr6e 

is (8, 94) et qui comporte une partie (2, 52) qui a la fois 
fracture la canalisation enterr6e (8,94) pour pro- 
duire des debris et amene aussi les debris a etre 
deplac6s radfalement vers I'exterieur a peu pres 
simultan6ment a leur formation. 

20 3. Procede selon la revendication 2, caracterise 
en ce que la partie est un cylindre effile (2, 52). 

4. Proc6de* selon la revendication 3, caracterise 
en ce que le cylindre effiie (2 f 52) est tronconique. 

5. Procede selon Tune quelconque des revendi- 
2S cations 2 a 4 f caracterise, en ce que la partie (2, 52) 

comporte au moins un element (7, 56, 57, 58) de 
fracturation de canalisation concu pour porter 
contre la parol interieure de la canalisation enter- 
ree (8, 94) et pour la fracturer. 
30 6. Procede selon la revendication 5, caracterise 
en ce qu'il y a plusieurs de ces 6l6ments (7, 56, 57, 
58). 

7. Proc£d£ selon la revendication 6, caracterise 
en ce qu'au moins Tun des elements (58) peut etre 

35 deplace de fa9on retractable vers I' exterieur pour 
porter contre la paroi interne de la canalisation 
enterree (94) et la fracturer. 

8. Procede selon Tune quelconque des revendi- 
cations 2 a 7, caracterise en ce que la taupe (1, 51) 

40 est entrained dans la canalisation enterree (8, 94). 

9. proc6de selon la revendication 8, caracterise 
en ce que la taupe (1, 51) est entratnee par 
percussion dans la canalisation enterree (8, 94). 

10. Proc6de selon la revendication 2, caracterise 
45 en ce que la canalisation enterree (45) est fractured 

et le passage est form 6 par une taupe (21) qui est 
deplacee dans la canalisation entente (45) et qui 
comporte au moins un element (26) mobile de 
facon retractable vers I'exterieur pour porter 
so contre la canalisation entertee (45) et la fracturer 
afin de produire des debris et pour aussi amener 
les debris a etre deplac§s radialement vers I' exte- 
rieur a peu pres simultan6ment a leur formation. 

11. Precede selon la revendication 10, caracte- 
55 ris6 en ce que la taupe comporte plusieurs de ces 

elements (26). 

12. Proc§d6 selon I'une quelconque des revendi- 
cations 2 a 11, caracterise en ce.que la nouvelle 
canalisation (13, 43) ou la chemise (14, 44, 95) est 

60 relive a I'extremite arriere de la taupe (1, 21, 51). 

1 3. Procede selon I'une quelconque des revendi- 
cations pr6cedentes, caracterise 1 en ce que le 
diametre interieur de la nouvelle canalisation (13, 
43) est 6gal ou supe>ieur au diametre interieur de 

65 la canalisation enterree (8, 45). 
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14. Proced£ selon Tune quelconque des reven- 
dications precedentes, caracteris6 en ce que le 
diamdtre int6rieur de la nouvelle canalisation (13, 
43) est egal ou superieur au diametre extSrieur de 
la canalisation entente (8, 45). 

15. Proced§ selon Tune quelconque des reven- 
dications pr6c6dentes, caracte>is6 en ce que le 
diametre du passage est sup6rieur au diametre 
interieur de la canalisation enterree (8, 45, 94). 



16. Procede selon I'une quelconque des reven- 
dications precedentes, caracterise en ce que le 
diametre du passage est 6gal ou superieur au" 
diametre exterieur de la canalisation entente (8, 

5 45, 94). 

17. proc6de selon I'une quelconque des reven- 
dications precedentes, caract6ris$ en ce que la 
canalisation enterree <8, 45, 94) est en fonte. 
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Description 

The present invention relates to the replacement 
or the preparation for replacement of an existing 
main, particularly an existing cast iron gas main, with 
a new main and is particularly concerned with a 
method for enabling this replacement to be carried 
out. 

This application is divided out from the copending 
European Patent 0053480 which is directed to a de- 
vice for replacing an existing main. 

Mains have to be replaced for a number of rea- 
sons, for instance, the existing main may be in poor 
condition or the existing main may not be of sufficient 
capacity to accomodate a modified load. 

The usual means of replacing a gas main involves 
the use of costly and labour intensive total excavation 
of the surrounding ground. Alternatively, if total exca- 
vation is avoided and the new main is merely inserted 
into the existing main, it wilt, by necessity, be of small- 
er internal diameter than the existing main and thus 
will be of smaller gas carrying capacity. 

US Patent Specification No. 3131302 is directed 
to an apparatus for replacing a pipe occupying an un- 
derground passageway through which a substantially 
horizontal axis extends. The apparatus comprises a 
pipe splitting cutter which is adapted to be drawn 
through the pipe so as to progressively slit the pipe 
into two longitudinal halves. These are then spread 
apart by a spreader to enable a new pipe which is pre- 
viously coupled to the apparatus to occupy the posi- 
tion of the existing pipe. 

It is an object of the present invention to enable 
an existing fracturable main to be replaced or pre- 
pared for replacement by a new main whereby prob- 
lems associated with the debris and earth formed on 
fracturing the main are avoided. 

According to the present invention, there is pro- 
vided a method according to claim 1. 

Embodiments of the invention will now be descri- 
bed with reference to the accompanying drawings in 
which: 

Figu re 1 is a side view of a f irst embod iment of t he 
mole shown in use, 

Figure 2 is an end view of the mole cutting face 
shown in Figure 1 and having four cutting edges, 
Figure 3 is an end view of the mole cutting face 
shown in Figure 1 and having three cutting edges, 
Figure 4 is a side view partly in section of a sec- 
ond embodiment of the mole shown at the com- 
mencement of operation, 
Figure 5 is a view of the mole shown in Figure 4 
during operation, 

Figure 6 is an end view of the mole cutting face 
shown in Figures 4 and 5 and having three cutters 
shown in hidden detail, 

Figure 7 is an end view of the mole cutting face 
shown in Figures 4 and 5 and having four cutters 



shown in hidden detail, 

Figure 8 is a side view of a third embodiment of 
the mole shown in use and broken away in part 
to reveal internal detail, 
s Figure 9 is a view along the lines IX-IX of Figure 

8, and 

Figure 10 is a close up view of the front of the 
mole partly in section. 

Referring to the Figures 1 to 3, Figure 1 shows a 
10 steel mole 1 having a front portion consisting of a 
head portion 2 and a cylindrical body portion 3 and a 
rear portion having clamping means 4 for clamping a 
new main. 

The head portion 2 has a cutting face 5 compris- 
15 ing three or more cutting edges 6 formed by grinding 
high tensile steel cutters 7 (four cutters are shown in 
Figures 1 and 2). The cutters 7 are housed in keyways 
(not shown) in the head portion 2, which is in the form 
of a cylinder tapering towards the front end of the 
20 mole, t he cutters 7 being attached to t he head portion 

2 by means of bolts (not shown) so that the cutters 7 
are removable from the head portion 2. The cutting 
face 5 tapers radially inwardly in the direction of the 
forward end of the mole 1 , that is, the radii of the cut- 

25 ting edges 6 decrease towards the forward end of the 
mole 1 so as to enable the cutting face 5 to exert a 
continuously increasing cutting action on the existing 
main 8 as the mole 1 moves therethrough. 

The cutting face 5 terminates at rearward points 

30 9 on the head portion 2, which points 9 are concen- 
trically aligned with the periphery of the body portion 

3 and the keyways are arranged on the head portion 
2 so that t he cutters 7 and t heir cutting edges 6 in pos- 
ition on the mole 1 lie in an axial plane of the mole 1. 

35 The front end of the head portion 2 is provided 
with a housing 10 cast into the head portion 2 and pro- 
vided with an eye 11 to enable the mole 1 to be con- 
nected to a steel winch cable (not shown). 

The rear portion of the mole 1 is provided with a 

40 clamping means 4 in the form of a sleeve 12 secured 
to the body portion 3 and being of slightly smaller ex- 
ternal diameter than that of the body portion 3. The 
sleeve 12, in use, receives the end of the new main 

1 3 which is of a flexible material such as plastics. The 
45 end of the new main 13 is first surrounded by a pro- 
tective plastics sleeve 14 and the main 13 and sleeve 

14 are pushed into the clamping sleeve 12. This is ar- 
ranged to have an internal diameter approximately 
equal to the internal diameter of the new main 13 so 

50 that this fits securely within and is tightly gripped and 
clamped by the clamping sleeve 12. 

The cutters 7 are arranged to be spaced equian- 
gular ly around the axis of the cutting face 5 as shown 
in Figures 2 and 3 and the taper of the cutting face 5 

55 prevents the mole 1 from twisting and turning on its 
horizontal axis thereby preventing undue strain on 
the new main and associated pneumatic feedlines 
(not shown). 
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In use, the ground at either end of the existing 
cast iron main 8 is excavated to expose those ends. 
The steet cable of a motorised winch is fed through 
the main 8 from one end and is secured to the shackle 
housing 10 via the eye 11. The new plastic main 13 5 
and its sheath 14 are then clamped to the clamping 
sleeve 12. The new plastics main 13 can be of the 
same or slightly larger internal diameter than the ex- 
isting cast iron main 8. The head portion 2 of the mole 
1 is then inserted into the existing cast iron main Sun- w 
til the cutting edges 6 engage the end of the main 8 
as shown in Figure 1. 

The cable is then wound onto the winch so as to 
pull the mole 1 through the existing main 8. At the 
same time the rear portion 12 is acted upon by a 15 
pneumatic hammer (not shown) to drive the mole 1 
into the main 8. The combined tension and pneumatic 
pressure cause the mole 1 to move along the main 8 
so that the cutting edges 7 engage the internal wall 
of the main 8 and cause the wall to fracture due to 20 
their intense localised pressure on the wail as the 
mole 1 moves therethrough. The cylindrical body 3 
widens out the internal diameter of the fractured main 
8 since, in use, the body 3 is selected to have a diam- 
eter greater than that of the original internal diameter 25 
of the main 8. The body 3 also prevents debris from 
the fractured main and earth from failing into the 
pathway created for the new main. Asthe mole 1 pro- 
ceeds along the now fractured main 8 it tows the new 
main 13 and its associated sheath 14 with it, the in- 30 
ternal diameter of the new main 13 being equal to or 
slightly larger than that of the existing main 8. When 
the new main 13 is finally in position, the new main 
13 and its sheath 14 are removed from the clamping 
sleeve 12. 35 

As a general rule the outer diameter of the body 
portion 3 of the mole 1 is arranged to be about 
Vb" (3.17 mm) greater than the outer diameter of the 
existing main and the outer diameter of the clamping 
sleeve 12 is about 1/8" (3.17 mm) less in diameter 40 
than that of the cylindrical body portion 3 of the mole 
1. 

Referring to Figures 4 to 7, Figure 4 shows a steel 
mole 21 having a front portion consisting of a head 
portion 22 and a body portion 23 and a rear portion 45 
having a clamping means 24 for clamping a new main. 

The head portion 22 has a cutting face 25 com- 
prising three or more pivotally mounted cutting blades 
26 (four are present on the mole shown in Figures 4 
and 5). The blades 26 are disposed in elongated ax- so 
ially directed slots (not shown) in the wall of the head 
portion 22 and are pivotally mounted at their forward 
ends 27 to the wall of the head portion 22. 

Referring to Figures 6 and 7 the blades 26 are ar- 
ranged to be spaced equiangularly around the axis of 55 
the cutting face. Each blade 26 has a cutting edge 28 
formed by two sloping sides 29, two parallel sides 30 
adjoining the sloping sides 29 and a concave side 31 



distal from the cutting edge 28 between the parallel 
sides 30. 

Referring to Figures 4 and 5 the concave side 31 
slopes away from the cutting edge 28 in a direction 
forwardly of the mole. 

The body portion 23 has a cylindrical rear portion 
32, a frustoconical portion 33 tapering forwardly of 
the mole and a cylindrical front portion 34 adjoining 
the slot forming walls (not shown) of the head portion 
22. 

The body portion 23 is provided with a circular 
centrally located through-going bore 35 (see Figure 
5) which merges with a passageway 36 formed by the 
concave sides 31 of the blades 26 and the internal 
concave shaped walls (not shown) of the head por- 
tion slot forming walls. The passageway 36 merges 
with a circular centrally located through-going bore 
37 located near the forward end of the head portion 
23 beyond the pivotted ends 27 of the blades 26. The 
bore 37 is provided with a conical termination 38. 

The bore 35 and passageway 36 house an hy- 
draulically operated cylindrical ram 39 which is capa- 
ble of movement within the bore 35 and passageway 
36. The front of the ram 39 is engaged at all times with 
the concave sides 31 of the blades 26. When the 
blades 26 are in the closed position shown in Figure 
4 the cutting edges 28 are axial ly aligned with the 
front portion 34 of the body portion 23. The concave 
sides 31 of the blades 26 extend further radially into 
the passageway 36 than do the internal concave 
shaped, walls of the head portion slot forming walls 
(not shown) so as to permit the blades 26 to pivot out- 
wardly from the closed position in Figure 4 to the open 
position in Figure 5 as the ram 39 is moved forwardly 
along the passageway 36 and encounters the radially 
inward slope of the concave sides 31. 

The front end of the head portion 22 is provided 
with a housing 40 and an eye 41 similar to that shown 
in the mole of Figure 1 and for similar purposes. 

The rear portion of mole 21 is provided with a 
clamping means 24 in the form of a clamping sleeve 
42 similar to that shown in the mole in Figure 1 . As in 
that mole, the clamping sleeve 42 is secured to the 
body portion 23 and is of slightly smaller diameter 
than the rear portion 32 of the body portion 23. The 
new plastics main 43 and its protective sheath 44 are 
secured and clamped to the clamping sleeve 42 in ex- 
actly the same manner as previously described for 
the mole shown in Figure 1. 

In use, as with the mole described in Figure 1, the 
ground at either end of the existing case iron main 45 
is excavated to expose those ends. The steel cable 
of a motorised winch is fed through the main 45 from 
one end and is secured to the housing 40 via the eye 
41. The new plastics main 43 and its sheath 44 are 
then clamped to the clamping sleeve 42. The new 
plastics main 43 can be of the same or slightly larger 
internal diameter than the existing cast iron main 45. 
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The head portion 22 of the mole 21 is then inserted 
into the existing main 45 until a portion at least of the 
cutting blades 26 lie adjacent to the internal wall of 
the existing main 45 as shown in Figure 4. The ram 
39 is actuated hydraulically to move forwardly within 5 
the passageway 36 to cause the blades 26 to pivot 
about their ends 27 to engage and fracture the cast 
iron main 45 by the intense localised pressure of their 
cutting edges 28 upon the internal wall of the main 45 
as shown in Figure 5. After a portion of the main 45 10 
has been cracked open the ram 39 is withdrawn to the 
position shown in Figure 4 so that the blades 26 re- 
turn to the closed position of Figure 4. The winch 
cable (not shown) is then wound onto the winch so as 
to pull the mole 21 through the existing main 45 by an is 
amount not exceeding the length of the blades 26. A 
next portion of the existing main 45 is then fractured 
by the method just described and the mole 21 is then 
pulled through the main 45 by a further amount not 
exceeding the blades 26. This process is repeated 20 
until the entire length of the existing main 45 has been 
fractured. As the mole 21 moves through the frac- 
tured main 45 the body portion 23 widens out the in- 
ternal diameter of the fractured main 45 since, in use, 
the rear portion 32 of the body portion 23 is selected 25 
to have a diameter greater than that of the original in- 
ternal diameter of the cast iron main 45. 

The body portion 23 also prevents debris from 
the fractured main 45 and earth from falling into the 
pathway created for the new main 43. As the mole 21 30 
proceeds along the fractured main, it tows the new 
main 43 with it, the internal diameter of the new main 
43 being the same or slightly larger than that of the 
existing main 45. When the new main 43 is finally in 
position, the new main 43 and its sheath 44 are re- 35 
moved from the clamping sleeve 22. 

Referring to Figure 8, the steel mole 51 compris- 
es a front portion consisting of a head 52 tapering 
generally conically towards its front end and a cylin- 
drical rear portion 53 incorporating clamping means 40 
54 for clamping a cylindrical liner for the new main. 

As shown more clearly in Figures 9 and 10 the 
head portion has a cutting face 55 comprising three 
blades 56, 57 and 58 disposed in elongated axially di- 
rected slots in the wall of the head 52, Two lower 45 
blades 56 and 57 (shown in Figure 9) are attached rig- 
idly in the slots so that they are fixed. 

The other upper blade 58, which is wider and 
thicker than the lower blades, is pivotally mounted at 
its forward end 59 to the wall of the head portion 52. so 

The upper blade 58 pivots on a pin 60 extending 
through portions (not shown) of the head 52 of the 
mole 52, the portions forming a recess (not shown) to 
accommodate movement of the blade 58. 

As shown in Figure 9, the blades 56 and 58 are 55 
spaced equiangularly around the axis of the cutting 
face which tapers forwardly to the front end of the 
mole 51. Each blade 56 to 58 has a cutting edge 60 



formed by two sloping sides 61 and a base 62 distal 
from the cutting edge 60 and formed between parallel 
sides 63. 

Referring to Figures 9 and 10 the head 52 of the 
mole 51 houses an hydraulically actuated piston 64 
slidable within a cylindrical bore 65 within the head 
52. The bore 65 has a portion 66 in which the piston 
64 is slidable. An internally threaded cylindrical re- 
cess 67 is located above the portion 66 and receives 
an externally threaded stop ring 68. The stop ring 68 
serves to limit the extent of upward movement of the 
piston 64 when it engages with a lowermost stop col- 
lar 69 forming an integral part of the piston 64. 

As shown in Figures 8 and 10 the head 52 is pro- 
vided with a hydraulic fluid channel 70 which at one 
end communicates with the bore 65 below the piston 
64 and terminates in a threaded bore 71 of wider di- 
ameter at the front end of the head 52. The threaded 
bore 71 serves to receive the threaded connector of 
a hydraulic hose coupling 72. 

While not shown, the front end of head 52 is re- 
cessed laterally on two sides to receive and engage 
the cross-pieces 73 of two adjacent T-shaped winch 
cable connecting plates 74 (only one plate 74 shown 
in the drawings). The plates 74 are connected to each 
other and to the front end of the head 52 by a pair of 
connecting pins 75 and 76 via the front end of the 
head portion 52. The uprights 77 of the connecting 
plates 74 extend forwardly of the mole 51 and are 
connected together by a pin 78 which also forms a 
connecting point for a cable 79 of a winch (not shown). 

Referring to Figure 8 t the rear 53 of the mole 51 
comprises a generally hollow cylinder adjoining the 
conically tapering mole head 52. The mole 51 forms 
a housing for a pneumatically actuated hammer de- 
vice 80. 

The hammer 80 has head portion 81 projecting 
into an internal bore 82 formed in the head 52 of the 
mole 51, the rear 83 of the hammer 80 being axially 
disposed with clearance in the cylindrical rear portion 
53 of the mole 51. 

The head portion 81 of the hammer 80 comprises 
a forwardly conically tapering portion 84 terminating 
in a cylindrical end 85. The diameter of the end 85 is 
less than the diameter of the adjoining end of the con- 
ically tapering portion 84 so that there is an annular 
shoulder 86 formed between the portion 84 and the 
hammer end 85. 

As shown in Figure 8 the portion 84 and the end 
85 of the hammer head 81 are, in use, able to co-op- 
eratively engage in corresponding portions of the in- 
ternal bore 82, these portions also forming an annu- - 
lar shoulder for co-operation with the annular shoul- 
der 86 In the hammer head 81 . A rear part of t he ham- 
mer head portion 84 is disposed axially with clear- 
ance in wider forwardly conically tapering portion 90 
of the internal bore 82, the portion 84 terminating 
within the rear 53 of the mole 51. 
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The rear 83 of the hammer 80 comprises a cylin- 
drical portion 91 terminating in a rearwardly tapering 
conical portion 92 which is provided with a coupling 
(not shown) for an air hose 93. 

In use, compressed air supplied to the hammer 5 
80 through the hose 93 causes the hammer 80 to re- 
ciprocate in the conventional manner to drive the 
mole 51 through the existing main 94 by the percus- 
sive action of the hammer head 81 upon the corre- 
sponding co-operating portions of the internal bore w 
82 of the mole 51. 

The means 54 for clamping the liner 95 to the 
mole 51 comprises a steel ring 96 for engaging the 
rear end of the liner 95, a looped cable 97 connected 
to the ring 96, a tensioning cable 98 connected to the is 
cable 97, a clamping cup 99 for engaging the far end 
of the liner 95 and a locking device 1 00 for locking the 
cable 98 against the cup 99. The cable 98 is coupled 
by a conventional hitch 101 at one end to the looped 
* cable 97. 20 

The steel ring 96 is secured as by welding with 
and to the internal wall of the rear portion 53 of the 
mole 51. The ring 96 is formed with holes (not shown) 
to enable the ends of the looped steel cable 97 to be 
secured thereto. 25 

The clamping cup 99 which is also of steel is 
adapted to receive and locate the far end of the liner 
95 and is apertured (not shown) for the passage 
therethrough of the air hose 93 and of the tensioning 
cable 98. 30 

In use of the mole 51 , as wit h the moles previous- 
ly described the ground at either end of the existing 
cast iron main 94 is excavated to expose the ends of 
the main 94. The steel cable 79 of a motorised winch 
is then fed through the main 94 from one end and is 35 
secured to mole 51 located at the other end of the 
main 94. The cable 79 is connected to the winch cable 
plates 74 by way of the winch cable pin 78. Next the 
hydraulic hose 103 is fed through the same end of the 
main 94 as the cable 79 and is coupled to the fluid 40 
bore 71 in the mole head 52 by way of the hose cou- 
pling 72. 

In the next stage, the liner 95 is clamped to the 
mole 51. Initially, the looped cable 97 is secured to 
the ring 96 and the cable 97 is then secured to the 45 
tensioning cable 98. The liner 95 is then pushed up 
the cylindrical portion 53 of the mole 51 until one end 
of the liner 95 engages with the ring 96. The clamping 
cup 99 is then slid along the tensioning cable 98 and 
the air hose 93 until the other end of the liner 95 is 50 
located within and engages with the cup 99. The ten- 
sioning cable 98 is then tensioned and locked by the 
locking device 1 00 and the liner 95 is t herefore clamp- 
ed compresslvely between the clamping cup 99 and 
the ring 96. As shown in Figures 8 and 10 the internal 55 
diameter of the liner 95 is greater than the internal di- 
ameter of the existing cast iron main 94. 

The head portion 52 of the mole 51 is then insert- 



ed into the cast iron main 103 until the cutting edges 
60 of the blades 56,57 and 58 engage the end of the 
main 103 as shown in the drawings. The pneumatic 
hammer 80 is actuated by supplying compressed air 
to its rear end by way of the air hose 93 so that the 
hammer 80 percussively drives the mole 51 through 
the main 94. 

Simultaneously the mole 51 is drawn through the 
main 94 by the cable 79 which serves to guide the 
mote 51 axially through the main 94. 

As the mole 51 moves through the main 103 the 
cutting edges 60 engage the internal wall of the main 
94 and cause it to fracture. Since the cylindrical por- 
tion 53 of the mole 51 has a greater external diameter 
than the internal diameter of the main 94, the internal 
diameter of the fractured main 94 Is widened out. The 
body 53 of the mole 51 also serves to provide clear- 
ance for the passage of the liner 95 therethrough and 
prevents debris from the fractured main and earth 
from falling into the pathway created for the liner 95. 

Should the mole 51 encounter an obstruction in 
the main 94, such as a flange which narrows the in- 
ternal diameter of the main 94, the movable blade 58 
is pivotted outwardly to fracture the obstruction and 
provide a clearance for the liner. In this case hydraulic 
fluid is pumped to the piston 64 via the hose 1 03, duct 
70 and the cylinder bore 65. The fluid pressure is re- 
laxed immediately after the obstruction has been 
fractured so that the piston 64 relaxes and the blade 
58 returns to its closed position. The hose 103 is of 
course moved simultaneously forward with the mole 
51. 

The liner 95 is pushed through and out of the 
main 94 after complete fracture thereof. 

Finally, the mole 51 , together with the associated 
locking device 100 is removed from the liner 95. The 
new main (not shown) may then be pushed manually 
or otherwise through the liner 95 which therefore 
forms a protective sleeve for the new main. 

The new main may be of any convenient plastics 
material such as polyethylene or pvc while the liner 
is of a much tougher wear res is tent plastics material. 



Claims 

1. A method for replacing or preparing for replace- 
ment a buried existing main with a new main, the 
method comprising dividing the buried main in 
situ to form discrete portions and moving the por- 
tions radially outwards to widen the bore of the 
main to form a passage having a diameter at least 
as great as the external diameter of the new main 
or a liner for the existing main, maintaining suffi- 
cient clearance through the passage for move- 
ment therethrough of a new main or a liner for the 
existing main, and moving the new main or liner 
endwise into the passage simultaneously with 
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the widening of the bore of the buried existing 
main, the liner to serve as a protective sleeve for 
the new main when the new main is subsequently 
moved into the liner, characterised in :- 

(a) the division of the existing main being car- 
ried out so as to fracture the material thereof 
so that the discrete portions are in the form 
of debris of the kind which would fall unless 
prevented into the pathway formed for the 
new main or liner; 

(b) causing a portion of the radially outward 
movement of the discrete portions to occur 
substantially simultaneously with the forma- 
tion of the portions; and 

(c) the debris and earth being prevented from 
falling into the pathway for the new main or 
liner. 

2. A method as claimed in claim 1, characterised in 
that the buried main (8 t 94) is fractured and the 
passage is formed by a mole (1,51) which is 
moved through the buried main (8,94) and which 
has a portion (2,52) which both fractures the bur- 
ied main (8,94) to produce debris and also causes 
the debris to be moved radially outwards sub- 
stantially simultaneously with the formation of 
the debris. 

3. A method as claimed in claim 2, characterised in 
that the portion is a tapering cylinder (2,52). 

4. A method as claimed in claim 3, characterised in 
that the tapering cylinder (2,52) is frusto-conical. 

5. A method as claimed in any of claims 2 to 4, char- 
acterised in that the portion (2,52) has at least 
one main fracturing member (7,56,57,58) adapt- 
ed to engage and fracture the internal wall of the 
buried main (8,94). 

6. A method as claimed in claim 5, characterised in 
that there are a plurality of such members 
(7,56,57,58). 

7. A method as claimed in claim 6, characterised in 
that at least one of the members (58) is retract- 
ably movable outwards to engage and fracture 
and internal wall of the buried main(94). 

8. A method as claimed in any of claims 2 to 7, char- 
acterised in that the mole (1 ,51) is driven through 
the buried main (8,94). 

9. A method as claimed in claim 8, characterised in 
that the mole (1,51) is percussively driven 
through the burled main (8,94). 

10. A method as claimed in claim 1, characterised in 



that the buried main (45) is fractured and the pas- 
sage is formed by a mole (21) which is moved 
through the buried main (45) and which has at 
least one retractably outwardly moving member 
5 (26) to engage and fracture the buried main (45) 

to produce debris and also cause the debris to be 
moved radially outwards substantially simultane- 
ously with the formation of the debris. 

10 11. A method as claimed in claim 10, characterised 
in that the mole has a plurality of such members 
(26). 

12. A method as claimed in any of claims 2 to 11, 
15 characterised in that the new main (13,43) or the 

liner (14,44,95) is connected to the rear end of 
the mole (1,21,51). 

13. A method as claimed in any of the preceding 
20 claims, characterised in that the internal diame- 
ter of the new main (13,43) is equal to or greater 
than the internal diameter of the buried main 
(8,45). 

25 14. A method as claimed in any of the preceding 
claims, characterised in that the internal diame- 
ter of the new main (13,43) is equal to or greater 
than the external diameter of the buried main 
(8,45). 

30 

15. A method as claimed in any of the preceding 
claims, characterised in that the buried main 
(8,45,94) is of cast iron. 

35 

Patentanspruche 

1. Verfahren fur den Austausch oder die Vorberei- 
tung des Austausches einer bestehenden Unter- 

40 flurleitung gegen eine neue Leitung, mit den Ver- 
fahrensschritten des Aufteilens der Unterflurlei- 
tung an Ort und Stelle zur Bildung von Einzelteii- 
stiicken und des Bewegens der Einzelteilstiicke 
radial auswdrts, urn die Bohrung der Leitung auf- 

45 zuweiten und dadurch eine Passage zu bOden, 

deren Durchmesser mindestens so groR wie der 
Au&endurchmesser der neuen Leitung oder einer 
Auskleidung fur die bestehende Leitung ist, des 
Auf reenter haltens eines ausreichenden Spiels 

so durch die Passage hindurch zum Bewegen einer 
neuen Leitung oder Auskleidung fur die beste- 
hende Leitung durch die Passage hindurch und 
des Bewegens der neuen Leitung oder Ausklei- 
dung axial in die Passage gleichzeitig mit dem 

55 Aufweiten der Bohrung der bestehenden Unter- 

flurleitung, wobei die Auskleidung als Schutzhuf- 
le fur die neue Leitung dient, wenn diese nachfol- 
gend in die Auskleidung bewegt wird, gekenrv 
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zeichnet durch folgende Verfahrensschritte; 

(a) die Aufteilung der bestehenden Leitung 
wird so ausgefuhrt, dad das Material dersel- 
ben aufgerissen wird, derart, daft die Einzel- 
teilstOcke die Form von solchen Trummer- 
stucken haben, die, wenn nicht da ran gehin- 
dert, in den fur die neue Leitung oder Ausklei- 
dung gebildeten Bewegungsweg fallen wiir- 
den; 

(b) ein Te it stuck der radialen Auswartsbewe- 
gung der Einzelteilstucke erfolgt im wesentli- 
chen gleichzeitig mit der Bildung der Teil- 
stucke; und 

(c) die Trummerstucke und Erde werden dar- 
an gehindert, in den Bewegungsweg der neu- 
en Leitung Oder Auskleidung zu fallen. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daft die Unterflurleitung (8, 94) aufge- 
rissen und die Passage durch eine Mole (1, 51) 
gebildet wird, die durch die Unterflurleitung (8, 
94) hindurchbewegt wird und ein Teilstuck (2, 52) 
aufweist, das sowohl die Unterflurleitung (8, 94) 
aufreiftt, um Trummerstucke zu erzeugen, als 
auch die Trummerstucke veranlaftt, sich im we- 
sentlichen gleichzeitig mit ihrer Bildung radial 
nach auften zu bewegen. 

3. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daft das Teilstuck ein zugespitzter Zy- 
linder (2, 52) ist. 

4. Verfahren nach Anspruch 3, dadurch gekenn- 
zeichnet, daft der zugespitzte Zylinder (2, 52) ke- 
gelstumpfformig ausgebildet ist. 

5. Verfahren nach einem der Anspruche 2 bis 4, da- 
durch gekennzeichnet, daft das Teilstuck (2, 52) 
zumindest einen Hauptaufreiftbauteil (7, 56, 57, 
58) aufweist, der mit der Innenwand der Unter- 
flurleitung (8, 84) in Wirkverbindung steht und 
diese aufreiftt. 

6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daft eine Vielzahl solcher Bauteil (7, 56, 
57, 58) vorgesehen ist. 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, daft zumindest einer der Bauteile (58) 
r uckstell bar nach auften bewegbar ist, um mit der 
Innenwand der Unterflurleitung (94) in 
Wirkverbindung gebracht zu werden und diese 
aufzubrechen. 

8. Verfahren nach einem der Anspruche 2 bis 7, da- 
durch gekennzeichnet, daft die Mole (1,51) durch 
die Unterflurleitung (8, 94) hind urchgetrie ben 
wird. 



9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daft die Mole (1, 51) stoftend oder 
schlagend durch die Unterflurleitung (8, 94) hin- 
durchgetrieben wird. 

5 

10. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daft die Unterflurleitung (45) aufgeris- 
sen und die Passage durch eine Mole (21) gebil- 
det wird, die durch die Unterflurleitung (45) hirt- 

10 durchbewegt wird und zumindest einen ruckstell- 

bar nach auften bewegbaren Bauteil (26) auf- 
weist, der durch Einwirken auf die Unterflurlei- 
tung (45) diese aufreiftt, um Trummerstucke zu 
erzeugen und diese aufterdem im wesentlichen 

15 gleichzeitig mit ihrer Entstehung radial nach au- 
ften zu bewegen. 

11. Verfahren nach Anspruch 10, dadurch gekenn- 
zeichnet, daft die Mole eine Vielzahl solcher Bau- 

20 teile (26) aufweist. 

12. Verfahren nach einem der Anspruche 2 bis 11, 
dadurch gekennzeichnet, daft die neue Leitung 
(13, 43) oder Auskleidung (14, 44, 95) mit dem 

25 hinteren Ende der Mole (1,21, 51) verbunden ist. 

13. Verfahren nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet daft der In- 
nendurchmesser der neuen Leitung (13, 43) 

30 gleich dem oder grofter als der Innendurchmes- 
ser der Unterflurleitung (8, 45) ist. 

14. Verfahren nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, daft der In- 

35 nendurchmesser der neuen Leitung (13, 43) 

gleich dem oder grofter als der Auftendurchmes- 
ser der Unterflurleitung (8, 45) ist. 

15. Verfahren nach einem der vorhergehenden An- 
40 spruche, dadurch gekennzeichnet, daft die Un- 
terflurleitung (8, 45, 94) aus Gufteisen besteht. 



Revendications 

45 

1 . Procede pour remplacer ou preparer le remplace- 
ment d'une canalisation enterree existante par 
une nouvelle canalisation, le procede consistant 
& eclater sur place la canalisation enterree pour 

so former des morceaux physiquement distincts et d 

deplacer les morceaux radiatement vers I'exte- 
rieur pour elargir la lumiere de la canalisation af in 
de former un passage ayant un diametre au 
moins aussi grand que le diametre exterieurde la 

55 nouvelle canalisation ou d'une chemise pour la 

canalisation existante, a maintenir un degage- 
ment suff isant dans le passage pour permettre 
un mouvement dans celui-ci d'une nouvelle cana- 
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lisation ou d'une chemise pour la canalisation 
existante, et a introduire en bout la nouvelle ca- 
nalisation ou ta chemise dans le passage en 
mfime temps que la lumiere de la canalisation en- 
ter ree existante et elargie, la chemise etant des- 5 
tinee a servir de gaine protectee pour la nouvel- 
le canalisation lorsque celle-ci est ensuite intro- 
duce dans la chemise, caracterise en ce que : 

a) I'eclatement de la canalisation existante est 
effectue de facon a fracturer sa matiere pour 10 
que les morceaux physiquement distincts se 
presents nt sous la forme de debris de la for- 
me qui tomberaient, s'ils n'en etaient empd- 
ches, dans le trajet forme pour la nouvelle ca- 
nalisation ou la chemise ; 15 

b) une partie du mouvement radial vers I'ex- 
terieur des morceaux physiquement distincts 
est amenee a se produire a peu pres simulta- 
nement a la formation des morceaux ; et 

c) on empeche les debris et la terre de tomber 20 
dans le trajet pour la nouvelle canalisation ou 

la chemise. 

2. Procede selon la revendication 1 , caracterise en 
ce que la canalisation enterree (8,94) est fractu- 25 
ree et le passage est forme par une taupe (1,51) 
qui est deplacee dans la canalisation enterree 
(8,94) et qui comporte une partie (2,52) qui & la 
fois fracture la canalisation enterree (8,94) pour 
produire des debris et amene aussi les debris a 30 
etre dep laces radialement vers I'exterieur a peu 
pres simultanement a leur formation. 



est entrainee dans la canalisation enterree 
(8,94). 

9. Procede selon la revendication 8, caracterise en 
ce que la taupe (1,51) est entrain 6e par percus- 
sion dans la canalisation enterree (8,94). 

10. Procede selon la revendication 2, caracterise en 
ce que la canalisation enterree (45) est fracturee 
et le passage est forme par une taupe (21 ) qui est 
deplacee dans la canalisation enterree (45) et qui 
comporte au moins un element (26) mobile de fa- 
con retractable vers I'exterieur pour porter contre 
la canalisation enterree (45) et la fracturer af in de 
produire des debris et pour aussi amener les de- 
bris a 6tre deplaces radialement vers I'exterieur a 
peu pres simultanement a leur formation. 

11. Procede selon la revendication 10, caracterise en 
ce que ta taupe comporte plusieurs de ces ele- 
ments (26). 

12. Procede selon I 'une quelconque des revendica- 
tions 2 a 11 , caracterise en ce que la nouvelle ca- 
nalisation (13,43) ou la chemise (14, 44, 95) est 
reliee a l'extremit§ arrierede la taupe (1, 21, 51). 

13. Procede selon Tune quelconque des revendica- 
tlons precedentes, caracterise en ce que le dia- 
metre interieur de la nouvelle canalisation (13, 
43) est egal ou superieur au dlametre interieur de 
la canalisation enterree (8,45). 



3. Procede selon la revendication 2, caracterise en 

ce que la partie est un cylindre effile (2,52). 35 

4. Procede selon la revendication 3, caracterise en 
ce que le cylindre effile (2,52) est tronconique. 

5. Procede selon Tune quelconque des revendica- 40 
tions 2 a 4, caracterise en ce que la partie (2,52) 
comporte au moins un element (7,56, 57, 58) de 
fracturation de canalisation concu pour porter 
contre la paroi interieure de la canalisation en- 
terree (8,94) et pour la fracturer. 45 



14. Procede selon Tune quelconque des revendica- 
tions precedentes, caracterise en ce que le dia- 
metre interieur de la nouvelle canalisation (13, 
43) est egal ou superieur au dia metre exterieur de 
la canalisation enterree (8,45). 

15. Procede selon Tune quelconque des revendica- 
tions precedentes, caracterise en ce que la cana- 
lisation enterree (8,45, 94) est en fonte. 



6. Procede selon la revendication 5, caracterise en 
ce qu'il y a plusieurs de ces elements (7,56, 57, 
58). 

50 

7. Procede selon la revendication 6, caracterise en 
ce qu'au moins Tun des elements (58) peut etre 
deplace de facon retractable vers I'exterieur pour 
porter contre la paroi interne de la canalisation 
enterree (94) et la fracturer 55 

8. Procede selon i'une quelconque des revendica- 
tions 2 a 7, caracterise en ce que la taupe (1,51) 
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